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Biofuels: Corn prices are soaring but the US is hoping a robust research 
programme will help find alternative sources and keep the country’s ambitious 
plans on track. Cyrus Martin reports.
Power linesIn the United States, the development 
of biofuels has been presented 
as a potential way for America to 
become less dependent on foreign 
oil, while at the same time reducing 
greenhouse gas emissions. Both 
of these potential benefits are 
appealing, but the feasibility of 
biofuels, from both scientific and 
economic perspectives, is still an 
open question and much debated. 
In December, President Bush signed 
the Energy Independence and 
Security Act (EISA), the goal of which 
is to increase energy autonomy by 
facilitating the development and implementation of a wide range of 
renewable-energy technologies. 
On biofuels, the EISA compels fuel 
blenders to increase the amount 
of biofuel annually mixed from the 
current level of 9 billion gallons 
(approximately 8 per cent of total fuel 
by volume) to 36 billion gallons by 
the year 2022. So, it seems the US 
has set an ambitious goal in terms of 
the role biofuels will play in its future 
energy consumption; but, is this goal 
feasible?
Ethanol produced from corn 
starch constitutes almost all the 
biofuel currently produced in the US. As such, the costs associated 
with making biofuel are linked to 
fluctuations in the price of corn, 
which has almost doubled from $2.32 
to $4.25 per bushel in the past five 
years. The prospect of increased 
food demand as the economies 
of India and China grow at an 
unanticipated rate, coupled with a 
possible drop in oil prices over the 
next 10 years, has raised concerns 
that producing corn-starch based 
biofuel will not be economically 
viable without substantial 
government subsidies.
Partly to address this question, the 
US government has investigated the 
potential use of alternative sources 
of raw materials that may be used 
to produce biofuels. Indeed, the Giant focus: US researchers are looking at the potential to generate biofuels from materials such as this fast-growing giant grass, Miscanthus. 
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by the Department of Energy in 
2004, outlines a long-term plan to 
produce biofuels from a diverse 
collection of sources that includes 
perennial plants, forest-waste 
products and crop residues as the 
major contenders. Importantly, the 
study found that land not suitable for 
food crops could be used to grow 
hardy plants for biofuels, such as 
switchgrass, thus avoiding potential 
threats to grain production. The one 
major caveat of this plan, however, 
is that the technological know- how 
to convert these alternative 
materials into biofuel on a large 
and economically feasible scale is 
currently lacking. 
The crux of the problem relates 
to the nature of the materials 
themselves. In the case of perennial 
plants like switchgrass and 
Miscanthus, fermentable sugars are 
locked away in the form of cellulose. 
A number of research institutes and 
agribusinesses are currently working 
on this problem, such as the recently 
formed Energy Biosciences Institute, 
a joint venture between University 
of California at Berkeley and the oil 
company BP.
Already, this academic–industry 
collaboration is in the process of 
developing new strategies, such as 
the use of thermophilic organisms 
that can both digest cellulose and 
produce ethanol in a single step. The 
institute’s director, Chris Somerville, 
is optimistic about the prospect of 
cellulosic fuels becoming a practical 
alternative to corn-starch-based 
ethanol saying: “I think that with 
the current level of investment in 
pilot plants and R&D on cellulosic 
conversion, the costs of conversion 
of cellulosic materials will come down 
a lot in the next 5–7 years so that the 
process of cellulosic conversion will 
be cost-competitive with petroleum.”
In addition to the cellulose-
conversion dilemma, a number of 
additional logistical headaches have 
to be addressed before large-scale 
cellulosic fuel becomes a reality. 
These challenges include the costs 
associated with harvesting and 
transporting materials and scaling up 
the production of cellulosic fuels to 
industrial proportions.
Assuming that the US could 
produce 36 billion gallons of biofuel 
a year, this would certainly increase 
independence from foreign oil, but does this also mean less carbon 
emissions, as has been claimed? 
It turns out that to answer this 
question, careful accounting is 
required. At first glance, it is clear 
that, because the crops from which 
biofuels are derived remove a certain 
amount of carbon dioxide from the 
atmosphere during their growth as 
the gas is fixed into sugar through 
photosynthesis, one could, in good 
conscience it would seem, subtract 
this amount from the volume of 
carbon dioxide released during the 
burning of the biofuel. As anyone who 
has carefully considered the financial 
merits of home ownership will tell 
you, however, there are many less 
obvious costs to consider.
For example, the fertilizer used to 
grow crops results in the release of 
greenhouse gases into the air which 
must be accounted for. One cost 
in particular that has attracted an 
enormous amount of attention lately, 
as a result of two studies published in 
Science, is the cost associated with 
land use change.
The clearing of land incurs 
a carbon debt when the 
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The clearing of land incurs a 
carbon debt when the removed 
biomass, for example, forest, is 
either burned or left to decompose. 
Depending on the nature of the 
land cleared, these carbon dioxide 
emissions can be massive. In one 
‘worst-case scenario’ involving the 
conversion of tropical peatland 
rainforest for palm oil, it was 
calculated that it would take 840 
years for the reduced emissions from 
palm oil (compared to petroleum) to 
cancel the amount of carbon dioxide 
released into the atmosphere as 
a result of land conversion. With 
relevance to US energy policy, it was 
calculated that the debt incurred by 
converting US grasslands to corn 
fields used to produce ethanol would 
take 93 years to repay. Furthermore, 
even if existing cropland were to be used to produce biofuels, one of the 
Science studies contends that the 
resulting increase in food demand 
would lead to land conversion to 
satisfy that demand — an instance of 
indirect land use change. 
In response to the two Science 
papers, the US Department of Energy 
(DOE) released a rebuttal entitled 
‘New Studies Portray Unbalanced 
Perspective on Biofuels, DOE 
committed to Environmentally Sound 
Biofuel Development’. While many of 
the assertions in the two papers were 
challenged, one of the key points 
of emphasis in the DOE response 
was that the US’s use of biofuels will 
depend heavily on materials such as 
forest litter, perennial plants grown 
on non-arable land and crop residues 
that minimize or eliminate carbon 
emissions associated with land use 
change.
This point is reinforced by  
the stipulation in the EISA which 
requires 21 billion gallons of the  
36 billion gallon biofuel target to be 
composed of advanced biofuels, 
such as cellulosic biofuel, that have 
50 per cent less carbon emissions 
than petroleum. Importantly, the 
Environmental Protection Agency, 
whose responsibility it is to calculate 
emissions, is required to take into 
account the carbon debt from land 
use changes, though how exactly this 
will be done is still vague.
Of course, all of these calculations 
will be for nothing if the US 
investment in research does not 
bear fruit in the coming years. In 
fact the Renewable Fuels Standard 
has a safety valve installed 
such that, if biofuel production 
becomes prohibitively expensive, 
the Secretaries of Agriculture and 
Energy have the power to waive the 
standard. For the moment, at least, 
it appears the US government is 
making an honest effort through a 
number of investments in research 
and development. Over the past 
year, DOE has announced over 
one billion dollars in multi-year 
projects spanning a variety of 
areas, including the development of 
enzymes to break down cellulose 
and the establishment of small-scale 
biorefineries designed to flesh out 
the details of biofuel production. 
These investments, together with 
funds from the private sector, will 
determine the future of biofuels in 
the United States.
